Plant zygotes usually undergo asymmetrical cell division, giving rise to the formation of two daughter cells with distinct developmental cell fate. The small apical cell will develop into the major part of embryo proper, whereas the larger basal cell will divide to form a transient suspensor. Thus, the apical and basal cell lineages are an excellent model to study cell fate determination in relation to zygote polarity. However, the molecular mechanism underlying the differentiation of two distinct cell lineages is not yet understood, possibly due to the technique limitations. Previously, we have established a protocol for isolating apical cell and basal cell for cDNA library construction in tobacco. However, the method for isolating tiny Arabidopsis embryos has long been considered much more difficult. Here, we present a detailed protocol for isolating early Arabidopsis proembryos and separating apical and basal cell lineages of proembryos, which allow us to establish cell lineage-specific transcriptomes of early proembryos.
Introduction
Zygote is the start point of new sporophytic generation of plants, which is produced from the fusion of two gametes, a larger egg cell and a smaller sperm cell, through fertilization. The zygote divides asymmetrically to form two daughter cells with different cell sizes and distinct cell fates in the subsequent developmental process. The smaller apical cell will develop into the major parts of a mature embryo called the embryo proper, whereas the larger basal cell usually undergoes limited cell divisions to form a suspensor. The uppermost suspensor cell will differentiate into the hypophysis, i.e., the precursor to the root organizer cells, while the other suspensor cells go on to degenerate (Kawashima and Goldberg 2010; Zhao et al. 2013) . Although differences in cell division pattern and cell fate of the two daughter cells of zygote have been observed for many years, the molecular mechanism regulating apical and basal cell lineage specification is still largely unknown (Jenik et al. 2007; Lau et al. 2012) .
Recently, two independent reports revealed that basal cell lineage of early proembryos still has the potential of embryogenesis after the apical cell lineage was removed (Gooh et al. 2015; Liu et al. 2015) . Laser disruption of the apical cell in the seed, which was labeled by a fluorescent marker, could induce cell fate conversion of the basal cell into a zygote-like cell that could divide and form a new typical embryo with embryo proper and suspensor (Gooh et al. 2015) . Meanwhile, suspensor cells of early proembryo could also develop into another embryo after severing the connection between embryo proper and suspensor in the seed by destroying the fluorescent marked uppermost suspensor cell using laser ablation (Liu et al. 2015) . However, the suspensor could not generate a new embryo in both Arabidopsis and tobacco when isolated from the seed (Liu et al. 2015; Qu et al. 2017) , suggesting that a maternal tissue-derived signal is required to generate a second embryo. These results indicate that basal cell lineage of early proembryos still has embryonic potential in the seed that is suppressed by apical cell lineage during normal embryogenesis. Little is known about the intrinsic molecular mechanisms directing cell fate during apical and basal lineage specification following the division of the zygote. However, by generating lineage-specific transcriptomes from the first apical and basal cell and onward, it would be possible to identify molecular pathways important for apical and basal cell lineage specification. For this purpose, it is necessary to isolate the apical and basal cell following zygote division and their subsequent descendants in the early proembryo for transcriptomic profiling. During the past decades, great efforts have been made to develop different methods to isolate embryo proper and suspensor cells or nuclei for generating lineagespecific transcriptomes in the Arabidopsis embryo (Belmonte et al. 2013; Palovaara et al. 2017; Slane et al. 2014 ). In these studies, different approaches such as laser capture microdissection (LCM), fluorescent-activated nuclei sorting (FANS) and isolation of nuclei tagged in specific cell types (INTACT) have been used. However, these methods have not been successfully applied to isolate the small apical and basal cell in Arabidopsis. So far, protocols for isolating living apical and basal cell have only been established in tobacco and maize (Chen et al. 2017; Ma et al. 2011; Qu et al. 2017) , and an approach to isolating the apical and basal cell has not been available in Arabidopsis due to the technical difficulty. Here, we present a detailed protocol for isolating the living apical and basal cell and their descendants of the early Arabidopsis proembryo for cell lineage-specific transcriptomic profiling.
Materials and equipment

Plant material
Arabidopsis thaliana (ecotype Col-0) were cultivated in the greenhouse under long-day conditions (16 h light/8 h dark) at 22 °C. 
Equipments
AS LMD System (Leica, Germany), inverted microscope IX71 (Olympus, Japan), stereoscopic microscope (Jiangnan, China), Agilent 2100 Bioanalyzer (Agilent Technologies), Qubit Fluorometer (Life Technologies), fine tweezer ( Fig. 1a) , Hand-made glass needle (Fig. 1b) , Hand-made capillary pipettes sealed with latex tubing at one end and a sharp tip at the other end (Fig. 1c) , Slide with polyethylene terephthalate film (PET) at the bottom (Leica, Germany) (Fig. 1d) , Petri dishes for microscope: diameter 3.5 cm (NEST, China). 
Solutions for cell isolation
Seed collection
1. After 36 h, the hand-pollinated siliques were harvested for collecting seeds and subsequent proembryo isolation. Note: Harvesting siliques at 36 h after pollination is done to isolate two-cell proembryos. Embryos at other developmental stages can be isolated at the corresponding developmental time-point after pollination. 2. Add 500 µl enzyme solution in the bottom of a 3.5-cm Petri dish to form a droplet. 3. Open up the carpels and gently scrape off the seeds from the septum with a glass needle under the stereoscopic microscope. 4. Transfer the seeds quickly into the enzyme solution, cover the Petri dish and maintain them for 30 min at 25 °C (Fig. 2a) . Enzyme treatment will help to degrade cell wall of the seed coat cells to facilitate the dissection of the seed coat and the separation of the embryos from the seed coat. 5. Remove the enzyme solution from the bottom of the Petri dish using a pipette with a 200-µl pipette tip to suck up the solution. Add 1 ml washing solution into the Petri dish, and shake the Petri dish gently to wash the seeds. Discard the washing solution, and repeat washing step twice. Note: Some seeds are easy to float up to the surface of the enzyme solution; hence, the enzyme solution should be removed carefully from the bottom of Petri dish. 6. Two-cell proembryos can be dissected directly from the seeds with two fine glass needles under an inverted microscope by pressing the chalazal end with a fine glass needle, and dissecting the embryo from the micropylar end with another glass needle by quickly cutting on the seed coat (Figs. 2b-c, 3) . Note: Usually, two-cell proembryos can be dissected from about 20% seeds using this method. The same procedure can also be used for isolating embryos at other stages. It is much easier to isolate embryos after 32-cell embryo stages due to its relatively larger size. However, it is difficulty to isolate embryos with intact suspensor cells after the 32-cell embryo stage since the basal-most suspensor is tightly connected to the maternal tissues. 7. Transfer several isolated two-cell proembryos into a droplet of 50 µl fresh ablation solution that was covered by mineral oil in a Petri dish using a hand-made capillary pipette (Figs. 2d, 3 ). 8. Wash the isolated two-cell proembryos by gently pipetting up and down a few times with the capillary micropipette in a new 50 µl ablation solution, repeat washing step twice. Note: It is necessary to perform extensive wash to remove seed coat tissues and endosperm contamination with the help of the pipette.
Laser-controlled separation of the apical and basal cell and their descendants 1. Transfer two-cell proembryos into 10 µl ablation solution on the PET slide with the hand-made capillary pipette, and cover it with a glass coverslip. 3. Set AS LMD System at the "move" mode for destroying the apical or basal cell. The energy of the laser spot is set as 40-60% of the full power (200 W), and the parameter of "specimen balance" is set at 2. Note: The mode for laser should be set at the "move" mode since proembryos are slowly moving in the ablation solution during the process of laser ablation. 4. Destroy the apical or basal cell using laser spot (Fig. 4a) .
Note: To separate apical or basal cell lineage of early proembryos at other stages, destroy the uppermost suspensor cell by laser spot (Fig. 4b) . 5. Transfer isolated apical or basal cells with the capillary pipette into the 50 µl fresh ablation solution, gently pipette up and down a few times with the capillary micropipette, repeat washing step twice. Note: To avoid the contamination, it is necessary to exchange the ablation solution in each washing step and perform extensive washing to remove cytoplasm from the destroyed cell. 6. Transfer isolated apical cells or basal cells to a 0.2-ml RNase-free PCR tube containing 10 μl of lysis buffer (Life Technologies, USA) for mRNA isolation. Note: Isolated cells in lysis buffer can be stored in − 80 °C for up to 1 month.
RNA extraction and cDNA preparation for RNA-seq 1. mRNA is directly extracted from apical or basal cells (and their descendants) using Dynabeads mRNA DIRECT™ Micro Kit (Life technologies, USA) according to the manufacturer's instructions. Note: 15-30 isolated apical or basal cells for each sample are usually used for mRNA extraction and subsequent RNA-seq. 2. Elute mRNA into 10 µl 10 mM Tris-HCl by incubating the beads at 70 °C for 2 min in a PCR machine. Note: To avoid mRNA degradation, eluted mRNA should be used directly for cDNA synthesis.
3. cDNA synthesis and amplification are performed with SMART-seq™ v4 Ultra™ Low Input RNA Kit for Sequencing (Clontech, USA). 4. Purify PCR-amplified cDNA using an Agencourt AMPure purification kit (Beckman Coulter). 5. Measure size and concentration of purified cDNA using Agilent 2100 Bioanalyzer (Fig. 5a ) and Qubit Fluorometer, respectively. 6. Library construction and illumina sequencing is performed according to the manufacturer's instructions. 7. The level of contamination in transcriptome is assessed using publicly available software (Fig. 5b) (https ://githu b.com/Grego r-Mende l-Insti tute/tissu e-enric hment -test) (Schon and Nodine 2017) .
Discussion
Our protocol provides an alternative method to analyze the transcriptome of apical and basal cells, which will be helpful to understand the molecular mechanism regulating cell fate determination of the apical and basal cell and their descendants. Compared to the other available methods, this procedure is characterized by several unique aspects. Firstly, the procedure is designed to directly isolate living cells from early proembryos, which better preserve RNA integrity. Secondly, the laser ablation technique is employed to greatly shorten the duration for the separation of apical and basal cell or embryo proper and suspensor. Although it is also possible to isolate apical or basal cell lineages by enzymatic maceration, the whole process will last for hours since the connection between apical and basal cell lineages is very difficult to separate based on personal experience. In addition, the isolated cells are usually a protoplast after enzymatic maceration, which is easy to burst during the washing and transferring process. Thus, comparably, laser ablation technique is a better choice for this purpose. Thirdly, the procedure is superior in preventing contaminations by other cell types. Compared to LCM technique, which requires high accurate manipulation to avoid contamination during sample collection from sections of fixed material, the method reported here is easier to ensure the purity of the samples. Since the cells and embryos are isolated and collected individually under the microscope, it is easy to visually check the quality and purity of isolated cells one by one, and selective collection could monitor the purity of the final samples. For the invisible components from burst cells, which are in the solution and may be sucked up during cell collection, a three-time wash is enough to purify isolated cells. Critical technique points are to use a new micropipette in each washing step and suck up as little solution as possible when transferring isolated cells during the whole procedure. With the 
